The aim of present investigation was to develop and optimize sustained release interpenetrating network (IPN) beads of Delonix regia seed polysaccharide (DRG) and sodium alginate using response surface methodology. Diclofenac sodium (DS) was chosen as model drug. A central composite design was used to study and optimize the effect of independent variables (A: sodium alginate:DRG ratio and B: calcium chloride concentration) on drug encapsulation efficiency (DEE, %) and drug release in 8h (R8h, %). Total thirteen batches of DRG-alginate IPN beads were prepared by ionotropic gelation method using calcium chloride as a cross -linking agent. The DEE (%) of the beads was found in the range 32.79-56.54%. Swelling of beads was high in phosphate buffer (pH 6.8) whereas, less in 0.1 N HCl (pH 1.2). The beads exhibited sustained release of DS for 8h (65.6±0.98 -99.9±1.87%) and followed Higuchi model demonstrating non-fickian diffusion mechanism. The observed responses of the optimized batch were similar to the predicted values determined by Design Expert (V.7.0, StatEase Inc, USA) software. The optimized DRG-alginate IPN beads may show good encapsulation of water soluble drugs followed by their sustained release for 8h which might be advantageous in terms of advanced patient compliance with reduced dosing interval.
INTRODUCTION
Till date, utilization of natural polymers for the development of various sustained release drug delivery systems has been the subject of great interest because natural polymers primarily remain attractive due to their easy availability, cost effectiveness, biodegradability and biocompatibility over synthetic polymers. Importantly, chemical modifications can also be done to natural polymers (Hua et al., 2010; Satturwar et al., 2003) . Literature revealed that xanthan gum, sodium alginate, cellulose ethers, scleroglucan, locust bean gum, guar gum and tamarind gum are some of the natural polysaccharides that have been evaluated in hydrophilic matrix for drug delivery systems (Salunkhe et al., 2014; Tommasina et al., 2007; Yamanaka et al., 2000) . Amongst these polymers, sodium alginate has been widely used as matrix in various drug delivery applications due to their hydrogel forming properties (El-Kamel et al., 2003) . Over the past few years, great deal of attention has been paid in the development of biopolymeric beads prepared using sodium alginate by ionotropic gelation technique (Racovita et al., 2009; Patil et al., 2010) . Alginates are polysaccharides and are abundant in nature. They are found as structural components of brown marine algae (Nayak et al., 2010) . Alginates undergo ionotropic gelation in presence of divalent cations (e.g., Ca
2+
) and trivalent cations (e.g., Al 3+ ) where ionic cross-linking interaction occurs between the carboxylic acid groups of alginate and the respective cations. Various formulations have been developed involving successful entrapment of drugs in ionotropically cross-linked alginate hydrogels (Mali et al., 2010; Patel et al., 2006; Bogtaj et al. 2008) . However, such hydrogels suffer from some serious drawbacks. It has been found that the drug entrapment efficiency of ionotropically cross-linked alginate hydrogels decreases due to leakage of drug during the long curing time (Pal and Nayak, 2011) . On other hand, burst release of the drug has been observed from the pure cross-linked alginate beads (Migliaresi et al., 2014) due to faster erosion of the alginate matrix during dissolution.
In order to overcome these problems and improve the performance of the ionotropically cross-linked alginate beads, various approaches have been used amongst which blending of different polymers is the most popular approach (Giri et al., 2013; Odeku et al., 2014) . Many researchers have carried out investigations on the interpenetrating network (IPN) beads of alginate blended with other polymers including Delonix regia gum (DRG) for controlled delivery of different drugs; however a detailed study on performance of IPN hydrogel beads of DRG and sodium alginate has not been performed. Delonix regia polysaccharide, biopolymer is obtained from Delonix regia flowering plant (Gulmohar) having pod type fruits belonging to family fabaceae. Seed pods are dark brown and can be up to 60 cm long and 5 cm wide (Sandra et al., 2003; Silvana et al., 2001) . The physicochemical properties of Delonix regia seed gum has been reported previously (Adetogun and Alebiowu 2009). The gum has been used as binder (Adetogun and Alebiowu 2009), release retardant in sustained release tablet dosage form (Krishnaraj et al., 2012) and for microencapsulation of bioactive natural products (Guerrero et al., 2013; Ancona et al., 2011) . Diclofenac sodium (DS) is a non-steroidal anti-inflammatory drug having biological half-life of about 1-2 h. It requires multiple dosing to maintain therapeutic drug-blood level and causes gastrointestinal disturbances, if present in large doses in gastrointestinal tract (Nayak et al., 2010; Chowdary et al., 2009) . Its solubility is poor in acidic pH (Iannuccelli et al.,1993) while high in alkaline pH (Torres et al., 1995) . The multiparticulate dosage form are advantageous over single unit preparations including more uniform dispersion in GI tract, more uniform drug absorption, reduced local irritation and elimination, and more flexible formulation process. Therefore sustained release dosage form of DS is essential, which will be able to deliver it at a slow release rate, over prolonged period. It has been a difficult task for the researchers to find out the appropriate combination of variables that will produce the product with optimum properties (Hunter, 1985) . Amongst various statistical optimization designs, the central composite design which is response surface design has been commonly used for designing and optimization of different pharmaceutical formulations and process optimization (Singh et al., 2006) . This technique is more flexible, very efficient and providing much information on experimental variable effects and requires minimum number of experimental runs and time. In the present investigation, the performance of IPN hydrogel beads of DRG and sodium alginate, prepared by ionotropic gelation technique, was evaluated. Taking into account above-mentioned aspects of DS, it was decided to use DS as a model drug. The prepared IPN beads were optimized by using central composite design.
MATERIALS AND METHODS
DRG was isolated and characterized in our laboratory. Sodium alginate was purchased from Loba Chemie Pvt. Ltd, Mumbai and Diclofenac sodium (DS) was received as a gift sample from Okasa Pvt. Ltd, Satara. All other chemicals and solvents used were of analytical grade.
Isolation and purification of DRG
Seeds of Delonix regia (100 g) were soaked in 800 ml of warm water for 24 h. The water was discarded and the seeds were immersed in 800 ml of fresh boiling water for 4-5 h. The seeds were removed from water, washed and the tegument was broken and separated manually from the seed coat. The thick transparent cotyledon portion was separated from the seed coat and the embryonic axis. The cotyledon portion was milled and squeezed using several folds of muslin cloth to separate the marc from the filtrate. Absolute alcohol was used to precipitate the polysaccharide. The polysaccharide was separated by filtration and dried in oven at 60°C until constant weight. The dried polysaccharide film was milled and sifted with 80 mesh sieve and stored in desiccators (Krishnaraj et al., 2012) .
Preparation and Evaluation of DS loaded DRG-alginate IPN beads
The Delonix regia gum-alginate beads containing DS were prepared by ionotropic gelation method using calcium chloride (CaCl 2 ) as cross-linker. Initially, aqueous solution of 3 % polymer blend containing varying ratios of sodium alginate to DRG was prepared separately and mixed thoroughly with stirring for 20 min at 1000 rpm using magnetic stirrer. Core material, DS (1.5 %) was dispersed in these aqueous solutions of polymer blend. The resultant aqueous dispersions were well mixed using a magnetic stirrer, at 1000 rpm for 20 min and ultrasonicated for 5 min for debubbling. The final dispersion was added via an 18-gauge needle drop wise into 100 ml of CaCl 2 solution. Added droplets were retained in the CaCl 2 solution for 15 min to complete the curing reaction and to produce rigid beads. Microbeads were collected by filtration, washed three times with distilled water and finally dried at room temperature for overnight (Nayak et al., 2012; Nayak and Pal 2011) .
Experimental design for optimization
A central composite design was employed for the optimization of Delonix regia gum-alginate IPN beads containing DS formulation. The studied factors (independent variables) were ratio of polymer blend (sodium alginate to DRG ratio) (A) and concentration of cross linking agent (CaCl 2 ) (B), while drug encapsulation efficiency (DEE %) and drug release at 8h (R 8h %) were used as dependent variables (responses).The process variables (factors) and levels with experimental values are reported in Table 1 . The matrix of the design including investigated factors and responses are shown in Table 2 . Design-Expert software (V.7.0, Stat-Ease Inc, USA) was used for generation and evaluation of experimental design. Suitable polynomial equations involving individual factors and interaction factors were selected based on model analysis, correlation coefficient (R are quadratic effects; AB is the interaction effect. One-way analysis of variance (ANOVA) was applied to estimate the significance of the model (p<0.05). The surface response plots and contour plots were analyzed to reveal the effect of independent variable (Ratio of polymer and concentration of CaCl 2 ) on the measured responses (DEE and R 8h ).
Fourier transform-infrared (FT-IR) spectroscopy
FTIR spectra of pure DS, sodium alginate, DRG, physical mixture of drug and polymers and formulated beads were recorded using FTIR (PERKIN ELMER RX I). The powdered samples were analyzed as KBr pellets where the pellet was placed in the sample holder and spectral scanning was done in the wavelength region between 4000 and 400 cm -1 at a resolution of 4 cm -1 with scan speed of 1 cm/s.
Differential scanning calorimetry (DSC) analysis
DSC thermogram of pure drug, polymers, physical mixture of drug and polymers and formulated beads were recorded using Perkin Elmer instrument (PYRIS-DIAMOND TG/DTA, Osaka, Japan). Each sample (2-4 mg) was accurately weighed into 50 µl aluminium pan in a hermetically sealed condition. The measurements were performed in an atmosphere of nitrogen (150 ml/min) between 32°C and 250°C at a heating rate of 15°C/min. Platinum crucible with alpha alumina powder was used as reference.
Scanning electron microscopy (SEM)
Scanning electron microscopy (JSM-5800; JEOL Ltd., Tokyo, Japan) was used to evaluate the shape and surface topography of the microbeads. Beads were gold coated by mounted on a brass stub using double-sided adhesive tape and under vacuum in an ion sputter with a thin layer of gold (3-5 nm) for 75 s and at 15 kV to make them electrically conductive and their morphology was examined.
Determination of drug encapsulation efficiency (DEE)
Accurately weighed, 100 mg of beads were taken from all batches and crushed using mortar and pestle. The crushed powder of beads containing drug were placed in 500 ml of phosphate buffer (pH 6.8), and kept it for 24h with occasional shaking at 37± 0.5°C. After that, the mixture was stirred at 500 rpm for 20 min using magnetic stirrer. The polymer debris formed after the disintegration of beads was removed by filtering through Whatman filter paper (No. 40). The filtrate was analyzed spectrophotometrically at 276 nm (Shimadzu 1800, Japan) (Nayak and Pal 2011; Bhattacharya et al., 2012) . The DEE of beads was calculated using the formula;
Swelling index Swelling behavior of DS loaded DRG-alginate IPN beads from all batches were studied in two different aqueous media, 0.1 N HCl (pH 1.2) and phosphate buffer (pH 6.8). Beads (100 mg) were placed in vessel of dissolution apparatus containing 500 ml respective media. The experiment was carried out at 37 ± 1°C under 50 rpm paddle speed. The swollen beads were removed at predetermined time intervals and weighed after drying the surface by using tissue paper (Nayak and Pal 2011; Bhattacharya et al., 2012) .
In vitro drug release In vitro drug release studies were performed for microbeads of all batches in USP dissolution apparatus II (TDT-08L, Electrolab, India) using 900 ml of 0.1N HCl for 2 h and phosphate buffer pH 6.8 for remaining 6 h. Rotation speed was controlled at 50 rpm while temperature was maintained at 37 ± 0.5°C. At the end of 2 h, 0.1N HCl was replaced with phosphate buffer pH 6.8 and the study was continued for next 6 h. At regular time intervals, an aliquot was removed and replenished with fresh pre warmed medium. The aliquot was assayed for DS content using a UV spectrophotometer (UV-1800, Shimadzu, Japan) at 276 nm.
Analysis of in vitro drug release kinetics and mechanism
In order to predict and correlate the in vitro drug release behavior from beads, it is necessary to fit into suitable mathematical model. The in vitro drug release data were evaluated kinetically using various important mathematical models like Zero order, First order, Hixon crowell, Higuchi and Korsmeyer-Peppas models.
Statistical analysis
All measured data are expressed as mean ± standard deviation (S.D). Each measurement was done in triplicate.
RESULTS AND DISCUSSION
Isolation of DRG and preparation of Delonix regia gumalginate beads containing DS DRG was isolated from Delonix regia seeds, and the average yield of dried DRG was found to be 74.8%. DS loaded DRG-alginate IPN beads were prepared by ionotropic gelation technique using CaCl 2 solution as a cross-linker. When dispersion mixture of sodium alginate, DRG and DS was dropped into the solutions containing calcium ions, gelled spherical DRG-alginate IPN beads containing DS were formed instantaneously due to electrostatic interaction between negatively charged sodium alginate and positively charged calcium ion. 
Optimization by central composite design
In conventional optimization process by changing one factor at a time, the optimization is usually carried out by varying a single factor and keeping all other factors fixed at specific set of conditions, this method is time consuming and incapable of effective optimization as it does not consider the interactive effects of all the primary factors. It is therefore important to understand the influence of formulation variables to develop optimized formulation using established statistical tools such as central composite design. Central composite design is a response surface design, which provides information on individual effects, pairwise interaction of various individual effects and curvilinear variables effects. In the current investigation, a central composite design with total 13 experimental formulations of DRG-alginate beads containing DS were proposed by Design-Expert (V.7.0, Stat-Ease Inc, USA) software for two independent process variables (factors): amount of SA: DRG(A) and CaCl 2 concentration(B). The effects of these independent variables on DEE (Y1) and R 8h (Y2) were investigated. Overview of experimental plan and observed response values are presented in Table 2 . A quadratic model and a two factor interaction model (2FI) were selected as suitable statistical model for optimization of DEE (%) and R 8h (%) respectively, based on maximum Adjusted R 2 and low PRESS value (see Table 3 ). The model was evaluated statistically by applying one way ANOVA (p < 0.05), which is shown in Table 4 Design -Expert V.7.0 software generated three-dimensional response surface plots and corresponding contour plots relating investigated responses, DEE (%) and R 8h (%). The three dimensional response surface plot is useful to study about the main and interaction effects of independent variables (Factors), where as two dimensional contour plot gives a visual representation of values of the response. The three dimensional response surface plots relating DEE (%) and R 8h are presented in Figure 1 (a) and Figure 1 (b). The two dimensional corresponding contour plots relating DEE (%) and R 8 h are presented in Figure 1 (c) and Figure  1(d) . The respective plots relating DEE (%) and R 8h (%) depends on the ratio of polymer concentration and concentration of CaCl 2 (%). Further, the DS loaded DRG-alginate IPN beads were optimized for both the responses, Y 1 (DEE in %) and Y 2 (R 8h in %). The desirable ranges of factors were restricted to 2 ≤ SA:DRG ≤ 3 and 7.5 ≤ CaCl 2 ≤ 12.5; whereas ranges of responses were restricted to 32.79 ≤ Y 1 ≤ 56.54 and 65.6 ≤ Y 2 ≤ 99.9. The optimal values of responses were obtained by numerical analysis using the Design Expert software (V.7.0, Stat-Ease Inc, USA) based on criterion of desirability. In order to evaluate the optimization capability of the models generated according to the results of central composite design, DS loaded DRG-alginate IPN beads were prepared using optimal process variable settings. The optimized formulations of DS loaded DRG-alginate IPN beads (R-O) were evaluated for DEE (%) and R 8h (%). The results of experiments with predicted responses by mathematical model and those observed are shown in Table 7 .
The optimized DRG-alginate IPN beads showed maximum DEE (51.74±1.54 %) and maximum R 8h (89.68±2.52%) with small error values (2.58 and 3.08, respectively). This reveals that mathematical designs obtained by central composite designs were well fitted.
Fourier transform-infrared (FT-IR) spectroscopy
FTIR spectra of DS, DRG, Sodium alginate, physical mixture and DS loaded DRG-alginate beads are shown in Figure 2 . FTIR spectrum of DS (Figure 2A) showed characteristic peaks at 3259, 2972, 1573, 1556, 1396 and 744 cm −1 , indicating the stretching of N-H, C-H, aromatic C=C, C=O (asymmetric), C=O (symmetric) and aromatic C-Cl respectively. The characteristic peaks of DS were observed in the spectra of physical mixture and DS loaded DRG-alginate beads with negligible shifts due to peaks of sodium alginate and DRG lying in the same region. The noticeable shifts or disappearance of peaks were not observed which showed lack of drug-polymer or polymer-polymer interactions.
Differential scanning calorimetry
The DSC thermogram of DS, DRG, sodium alginate, physical mixture and formulation are shown in Figure 3 . The DSC thermogram of DS showed peak at 290 o C which is the melting point of the drug. The DSC thermogram of physical mixture and formulation showed no peaks at 290 o C indicating uniform dispersion of DS at molecular level in the beads. 
Scanning electron microscopy
The morphological analysis of DRG-alginate IPN beads containing DS was visualized by SEM at different magnifications and is presented in Figure 4 . The SEM photograph of these beads showed spherical shape with a rough surface. Detailed examination of the bead surface topography revealed cracks and wrinkles, which might be caused by partial collapsing of the polymeric gel network during drying. 
Drug encapsulation efficiency
The DEE of DRG-alginate IPN beads containing DS was found within the range of 32.79 -56.54 % respectively shown in Table 2 . The increased DEE with decreasing sodium alginate to DRG ratio may be due to the increase in viscosity of the gel membrane by the addition of DRG as polymeric blend with sodium alginate, so that, it might have prevented drug squeezing out to the external solution during curing. DEE was found to be increased with increase in concentration of cross linking agent upto 10%. This may be due to increase in the degree of crosslinking which might have reduced the leaching of drug in the cross-linking solution. Further on increasing conc. of CaCl 2 , DEE was found to be decreased which may be attributed to insufficient cross-linking and large pore size permitting the drug to diffuse out during gelation which leads to lower drug encapsulation efficiency. Similar observations have been reported by Das et al., 2007 .
Swelling behavior
The swelling behaviors of DS loaded DRG-alginate IPN beads were evaluated in 0.1 N HCl and phosphate buffer, pH 6.8 as shown in Table 5 . Initially swelling index of DRG-alginate IPN beads was lower in 0.1 N HCl in comparison with phosphate buffer. This may be due to shrinkage of alginate at acidic pH. The beads exhibited maximum swelling at 4-5 h in alkaline pH followed by erosion and dissolution. The swelling behavior of the beads in alkaline pH could be explained by the ion exchange phenomenon between the calcium ion of ionotropically crosslinked DRG-alginate beads and the sodium ions present in phosphate buffer. The ion exchange takes place under influence of calcium sequestrates phosphate ions, which may result into disaggregation of DRG-alginate matrix structure leading to erosion and dissolution of swollen beads (Gaudio et al., 2005; Al-Kassas et al., 2007) . It was found that beads prepared using high SA:DRG ratio in high concentration of cross-linking agent showed reduced swelling and faster erosion which may be due to lower amount of DRG that leads to the loss of viscosity of the gel structure of bead in the buffer and increase in the porosity of the bead matrix due to higher concentration of cross-linking agent. 
In vitro drug release and kinetics
The DRG-alginate beads retarded the release of DS in acidic medium, due to poor solubility of DS as well as alginate at lower pH. A trace amount of drug which might be adhered to the surface of the beads was released in acidic environment. The DRG-alginate beads showed prolonged drug released for 8h in phosphate buffer, pH 6.8. Figure 6 shows the cumulative percentage of drug release of prepared thirteen runs. The release of drug was found to be retarded due to swelling of beads which leads to increased path length to travel drug into dissolution medium. The results obtained have been shown in Table 2 . All formulations showed more than 85% drug release at the end of 8 h except R1 (72.4%) and R4 (65.6%).
The SA:DRG ratio in R1 and R4 was low whereas the concentration of the cross-linking agent used during their preparation was high. The high amount of DRG increases hydrophilicity leading to formation of viscous gel structure with water which may have blocked the pores on the surface of beads and sustained the release profile of drug. The gel strength of the beads increases with increase in the concentration of cross-linking agent which may also retard the drug release. As ratio of SA to DRG was decreased, drug release was found to be reduced while increase in the concentration of calcium chloride decreased the release of drug. It was found that at high SA:DRG ratio, increase in concentration of calcium chloride increases the release of DS. This opposite behavior of cross-linking agent may be due to reduced swelling which shortens the diffusion path of the drug and faster erosion of the bead matrix as observed in case of swelling study.
The curve fitting results of in vitro drug release kinetics ( Table 6 ) data indicated that, release of DS from DRG: alginate IPN beads was found to be following Higuchi model (R 2 = 0.832 -0.994) over the period 8 h. The value of release exponent (n) determined from in vitro DS release data of various DRG-alginate beads ranges from 0.539 -0.832, indicating anomalous (nonfickian) diffusion mechanism of drug release. This demonstrates both, diffusion controlled and swelling controlled drug release from DRG-alginate IPN beads containing DS. .
CONCLUSION
The present work is a successful attempt to prepare DRG-alginate IPN beads by ionotropic gelation method and their optimization using central composite design. The investigations have revealed that the attempt to increase the DEE of the beads reduced the release of drug from the matrix. The optimized beads containing DS showed a better drug encapsulation efficiency (51.74±1.54%) and release of drug in 8h (89.68±2.52%). The in vitro drug release from these beads followed a controlled release pattern (Higuchi kinetics) with anomalous (non-fickian) diffusion mechanism. The optimization of DRG-alginate IPN beads containing DS contributes towards formulation of DRG-alginate IPN beads with high encapsulation efficiency along with sustained and maximum release of drug in 8 h. Besides, the excipients such as sodium alginate, DRG and calcium chloride used for the formulation of these beads were cheap and easily available. Delonix regia gum-alginate IPN beads could be a better alternative to the conventional alginate beads or the beads prepared by blending alginate with other natural polymers.
